Background
Non-alcoholic fatty liver disease (NAFLD) was identified by Ludwig and colleagues in people who did not have any alcohol history for the first time in 1980. The accumulation of more than 5% triglyceride in the hepatic parenchyma without notable alcohol consumption is considered to be NAFLD. 1 NAFLD includes a wide range of liver disorders from hepatocellular steatosis to more severe non-alcoholic steatohepatitis (NASH), which may progress to hepatic fibrosis and cirrhosis. 2 About 20-30% of adults in developed countries have an increased fat accumulation in the liver. 3 In Iran, the prevalence of this disease is estimated to be 21.5%. 4 The cause of NAFLD is not fully understood. The accepted hypothesis to explain the pathogenicity of the NAFLD is the two-hit hypothesis, which was first expressed by James and Day. This hypothesis states that insulin resistance, as the first hit, leads to stimulation of the synthesis of liver fatty acids and accumulation of fat in the liver and steatosis, and the liver is more susceptible to the second hit, which is oxidative stress from different sources. 5 There is currently no definitive treatment for NAFLD, so there is an urgent need to find new therapeutic approaches to replace or help with existing fatty liver treatments. Previous studies have indicated that diets containing antioxidants and antiinflammatory agents in some medicinal plants may be beneficial in the treating of NAFLD. [6] [7] [8] Ginger (Zingiber Officinale Roscoe) is widely used worldwide as a spice. In the past, this plant has been used to treat neurological diseases, diabetes, rheumatism, gingivitis, toothache, asthma, constipation, maldigestion and nausea and vomiting. Food and Drug Administration has approved ginger as a food supplement. Ginger has various pharmacological effects, such as immune regulator, tumor formation inhibiting, antiinflammatory, anti-apoptotic and antiemetic effects. Most of these medicinal effects of ginger are attributed to the presence of various compounds such as gingerol and shogaols. More than 40 antioxidant compounds have been identified in ginger. 9 Because insulin resistance, severe disorders of lipid metabolism, oxidative stress and inflammation play a role in the pathogenesis of NAFLD; therefore, each potential therapeutic agent should target one or some of these pathological events. Due to the fundamental role of insulin resistance and as a result of hyperinsulinemia in fat accumulation in the liver, an increase in insulin sensitivity is considered as a treatment approach against NAFLD. A previous study reported that the insulin sensitivity to adipocytes could be improved using ginger. 10 On the other hand ginger with effect on the liver reduces biosynthesis of cholesterol and possibly increases the transformation of cholesterol to bile acids. 11 As the conversion of simple steatosis to more advanced forms of NAFLD is also affected by oxidative stress and inflammation. 12 Therefore, reducing inflammatory and oxidative stress factors in NAFLD patients may play an important role in slowing the rate of NAFLD progression and reducing the risk of cardiovascular disorders due to this disease. Studies have indicated that ginger can inhibit arachidonic acid metabolism with the suppression of cyclooxygenase and lipooxygenase enzymes, thereby acting as an anti-inflammatory agent. 13 Ginger has potential antioxidant activities due to its polyphenolic compounds as gingerol and curcumin. Including these antioxidant activities of radical trapping and inhibition lipid peroxidation. Ginger also prevents liver toxicity by increasing its antioxidant activity. 14 A number of studies have reported that adiponectin and TNF-α play a key role in the hepatic steatosis progression to NASH. Adiponectin protects against NAFLD by increasing insulin sensitivity and decreasing fat hepatic accumulation, while TNF-α stimulates hepatic steatosis. Thus, reduction the expression of TNF-α can be an important mechanism to improve liver damage. Previous studies have shown that ginger bioactive compounds can downregulate TNF-α. Also, ginger significantly inhibited the reduction of adiponectin expression by TNF-α. 15 Fetuin-A (a2-Heremans-Schmid glycoprotein), is a serum protein that is mainly synthesized in the liver. A number of studies have shown that serum level of fetuin-A is considerably enhanced in people with NAFLD. Thus, the reduction of serum levels of fetuin-A can be associated with improvement in NAFLD. 16 The use of ginger in the treatment of cardiovascular diseases has long been posed. The diuretics and lowering blood pressure effect of ginger have been shown in a number of studies. 17 Ghayur et al showed that the intake of the raw extract of ginger reduces the arterial blood pressure by blocking the voltage-dependent calcium channels in rats. 18 The present study was designed to investigate the effects of ginger on the lipid and sugar profiles, inflammatory conditions, oxidative stress and reduction of the cardiovascular complications of NAFLD.
Methods Materials
Ginger powder supplement used in this study is a readymade product. The contents of each ginger capsule were 500 mg of ginger rhizome powder. Placebo containing wheat flour was prepared in the same form and color as a ginger supplement in Pharmacy Faculty Lab of Ahvaz Jundishapur University of Medical Sciences.
Study Population
100 women and men aged 20-70 years old, whose fatty liver was diagnosed by elevated levels of alanine aminotransferase 
Inclusion Criteria
Having a willingness to participate, aged 20 to 70 years, diagnosis of NAFLD based on high levels of liver enzymes (more than 30 U/L in men and more than19 U/ L in women), ultrasound and 24.9˂BMI˂35. 19 Exclusion Criteria Patients who have had a history of gastric bypass surgery, or severe weight loss during the last 6 months; 8) patients receiving hormone therapy, and 9) patient who do not use more than 10% of the capsules given in each follow-up.
Ethical Approval
The clinical trial was conducted in accordance with the Declaration of Helsinki. The Medical Ethics Committee of Ahvaz Jundishapur University of Medical Sciences has approved the implementation of this research. Moreover, it has been recorded in the Iranian registry of clinical trial (No. IRCT2016042827652N1) and available through www.irct.ir. All participants signed a written informed consent form.
Study Design
This study is a double-blind randomized clinical trial. Of the 100 patients enrolled in this project, 50 were selected based on inclusion criteria. Then, the patients were randomly assigned (1:1 ratio) (block randomized method) to two groups receiving ginger supplements and placebo.
Before the beginning of the study, the cans containing the capsules were coded by a person other than the researcher, in the form of B and A, to ensure that the researchers did not know the type of capsules received by each group (given the double-blindness of the study).
Intervention
Patients in the intervention group (n = 25) daily received 3 capsules of 500 mg ginger, and patients in the placebo group (n = 25) daily took 3 capsules of 500 mg of placebo that were apparently similar to the ginger supplement. They were advised to take one capsule an hour after breakfast and one hour after lunch and another capsule for an hour after dinner for 12 weeks. It should be noted that the dosage of ginger used and the duration of the intervention have been determined according to previous studies. 20 To calculate the compliance rate of patients for the supplementation, all patients received supplementation for 4 weeks and they were asked to deliver the cans of capsules at each visit, and then they were given supplements for the next four weeks. Patients were also followed up on a weekly basis by telephone in order to be aware of possible side effects and to ensure the use of supplements. Patients in both groups were advised to receive a diet with energy balanced, according to guidelines published by the North American Association and all patients were asked to exercise at least three times a week for 30 mins a day. 21 
Clinical and Paraclinical Assessments
Anthropometric measurement of height, weight, waist circumference and hip circumference of the patients was performed at the beginning and end of the intervention according to the WHO definition. Body mass index (BMI) was calculated by division of weight by squared height, and also waist to hip ratio (WHR) was calculated by dividing waist to hip circumference. 22 Blood (10cc) was taken from all participants at the beginning of the study and at the end of the 12th week after 10-12 hrs of fasting. Samples taken were centrifuged and their serum was separated. For further tests, the serum was kept at −80°C.
Serum triglyceride level was measured by enzymatic calorimetric and total cholesterol, high-density lipoprotein and low-density lipoprotein of plasma were measured by the photometric enzymatic method. The serum levels of liver enzymes, including GGT, ALT, and AST were measured by colorimetry (Parsazmun Co., Tehran, Iran). Fasting blood sugar was measured using the glucose oxidase method (Pars Azmoon Co, Tehran, Iran). Enzyme-linked immunosorbent assay (ELISA) was used to measure fasting serum insulin level (Insulin-R monobind, Lake Forest, USA), highsensitivity c-reactive protein (hs-CRP) (LDN Labor Diagnostics Nord GmbH & Co. KG, Nordhorn, Germany), Total antioxidant capacity of the serum (ZellBio GmbH, Germany), Adiponectin (Orgenium Co, Vantaa, Finland), TNF-α (IBL Co., Ltd. Hamburg, Germany) and fetuin-A (Hangzhou Eastbiopharm Co., Ltd., Hangzhou, China) were measured by available enzyme-linked immunosorbent assay (ELISA) and based on the kit's instructions. HOMA-IR was evaluated via the formula mentioned below.
The fatty liver index was also calculated using FLI calculator software that computed FLI based on BMI, waist circumference, serum TG and GGT.
In order to control the effect of confounding the intake of diet and physical activity of the individual, a 3-day diet record (one day off and two days non-off) was taken from patients at the before and after intervention. Energy, macronutrients, and some of the dietary micronutrients received by people were measured using the Software modified Nutritionist IV software (version 3.5.2, First Data-Bank; Hearst Corp., San Bruno, CA). The physical activity level of patients was evaluated via the IPAQ (short form of the international physical activity questionnaire) at the beginning and end of the study.
A scoring system was employed to determine a semiquantitative assessment of the severity of fat accumulation in the liver. The grade of liver fat infiltration was scored from I to III According to the liver radiance, liver echo tissue, liver-kidney contrast ratio, and bladder veins.
Dietary Intake Assessments
In order to control the effect of confounding the intake of diet and physical activity of the individual, a 3-day diet record (one day off and two days non-off) was taken from patients at the before and after intervention. Energy, macronutrients, and some of the dietary micronutrients received by people were measured using the Software modified Nutritionist IV software (version 3.5.2, First Data-Bank; Hearst Corp., San Bruno, CA). The physical activity level of each patient was evaluated using the short form of the international physical activity questionnaire (IPAQ) at the beginning and end of the study.
Statistical Analysis
The Shapiro-Wilk test was used to determine the data subordination of normal distribution. Intragroup comparison of quantitative variables with non-normal distribution, quantitative variables with normal distribution and categorical variables was analyzed by Wilcoxon paired rank test, pairedsample t-test, and Mc Nemar test, respectively. In order to intergroup comparison of the quantitative variables with nonnormal distribution, quantitative variables with normal distribution and categorical variables, we used Mann-Whitney U-test, independent samples t-test, Mann-Whitney U-test, and chi-square test, respectively. Statistical analyzes were done using the SPSS version 16. P-value less than 0.05 was considered significant statistically.
Result

Patient Inclusion, Compliance and Safety
Out of 100 patients, 50 people who had inclusion criteria were entered into the study. According to the flow chart in Figure 1 , 23 patients in the control group and 23 patients in the intervention group completed the stud. Compliance with supplements was 94% for the control group and 96% for the intervention group. None of the patients showed an allergic reaction or side effect of supplementation.
Baseline Characteristics
Baseline characteristics of the study participants are shown in Table 1 . There was no statistically significant difference between the two groups in terms of the age, smoking, gender, height, and BMI at the beginning of the study (p> 0.05 for all variables).
Anthropometric Variables and NAFLD Severity
Changes in all variables between the two intervention and control groups and in each group are shown in Table 2 . Weight, hip circumference, waist circumference and BMI were significantly decreased in both groups (p< 0.001), but this difference was not significant between the two groups. There was no significant difference between the waist circumference (WHR) in the intragroup and inter-group comparisons. There was no significant difference between the two groups in the grade of fatty liver at the end of the intervention period.
Physical Activity and Nutritional Variables
There was no significant difference in the improvement of physical activity between the two groups (p = 0.959). Although the physical activity increased significantly in both groups, the estimated energy intake in both groups significantly decreased, but in comparison to the changes, there was no significant difference between the two groups in the estimated energy received and the percentage of carbohydrate, protein, and fat in the diet.
Biochemical Parameters
The variations of all biochemical variables in both groups at the beginning and end of the study are briefly illustrated in Tables 3 and 4 .
Liver Enzymes
Serum GGT and GGT ALT levels decreased meaningfully in both groups after intervention (p <0.05). However, no significant differences were found in serum levels GGT in between group comparisons (p = 0.06). There was no significant change in serum AST level in any group (Table 3) .
Insulin Resistance Indices
After the intervention, FBS and HOMA-IR and FBS were significantly lower in the group receiving ginger than the placebo group (p = 0.047 and 0.029, respectively). The level of fasting insulin in the ginger group significantly decreased compared to the beginning of the study (p = 0.017). However, there was no statistically significant change in the comparison between the groups (p = 0.559) ( Table 3 ).
Serum Level of Lipid
After intervention, total serum total cholesterol and LDL-C levels in the ginger group decreased meaningfully compared to placebo (p = 0.026 and p = 0.032, respectively), while HDL-C and TG had no significant changes in any of the groups. No significant difference was observed in terms of improvement of the ratio of LDL to HDL between the two groups (P = 0.267). But, this ratio was meaningfully decreased in the ginger group compared to the beginning of the study (P = 0.033) ( Table 3 ).
Antioxidant and Inflammatory Markers
Concentration of hs-CRP and fetuin-A in the ginger group decreased significantly compared to the placebo group (P = 0.006 and P = 0.008, respectively). Conversely, changes in TNF-α, TAC and adiponectin level were not significant in any of the groups (Table 4 ).
Fatty Liver Index (FLI)
The FLI reduced meaningfully in both groups, although there was no difference between the two groups significantly (Table 4 ).
Discussion
Human and animal studies have reported several pharmacological effects including weight lowering, antiinflammatory, antioxidant, lipid lowering and improving insulin sensitivity and glucose tolerance for ginger. 23 The gingerol and shogaol are considered as bioactive compounds in fresh and dried ginger, respectively, and are responsible for a large number of pharmacological properties of ginger. 9 Overall, the results of this study showed that daily consuming 1500 mg of ginger for 12 weeks meaningfully reduced serum levels of total cholesterol, LDL-C, FBS, ALT, fetuin-A, hs-CRP and HOMA-IR.
Recently, Ginger's beneficial effects on weight control have been attracted attention. The precise mechanisms of the ginger effects on weight loss are not fully understood. However, several possible mechanisms, including suppression of the pancreatic lipase enzyme and decreasing intestinal absorption of dietary fat, increasing lipolysis of white adipose tissue by increasing the enzyme activation of hormone-sensitive lipase, suppression of lipogenesis and lipid accumulation by decreasing the induction of the fatty acid synthase and acetyl CoA carboxylase, increasing thermogenesis and controlling appetite have been proposed in studies. 23 In this study, although weight loss in both groups was significant compared to the beginning of the study, supplementation of ginger compared with placebo was not associated with more weight loss ( Table 2 ). Reduction of receiving energy and improvement of physical activity observed in end evaluations of the study compared to the baseline may explain the weight loss caused in both groups. There are few human studies examining the effect of ginger on anthropometric indices and the results of these studies are inconsistent. Atashak et al had studied the effects of ginger supplementation (1 g/day) for 10 weeks on obese men (n=8). The results of their study showed no significant differences in body composition and anthropometric indices between the ginger and placebo groups, 24 which was consistent with our study results. Contrary to our study, in Ebrahimzadeh et al's study, ginger supplementation (2 g/day) for 12 weeks, reduced the BMI and anthropometric indices compared with placebo in 80 obese women. 25 Most animal studies support the weight-reducing effects of ginger in the obese animal models, while based on the results of the available human studies available, or no changes in anthropometric properties have been made or variations are very slight. Of DovePress course, it should be taken into account that in most animal studies, ginger extract or its active ingredients have been used instead of ginger powder, which can justify the difference observed in the results of animal and human studies. 23 Due to the fundamental role of insulin resistance and as a result of hyperinsulinemia in fat accumulation in the liver, an increase in insulin sensitivity is considered as a treatment approach against NAFLD. 10 The results of the present study indicated that the ginger intake compared to the placebo resulted in a significant decrease in FBS and HOMA-IR, which is consistent with the result of previous studies. Similar to our article, Rahimlou et al indicated that consumption of 2000 mg of ginger over12 weeks, meaningfully reduced insulin and fasting blood sugar. 26 Similarly, as Mozaffari et al reported supplementation of ginger powder (3g/day) in patients with type 2 diabetes for 8 weeks caused a meaningful decrease in fasting blood sugar and hemoglobin A1C and a meaningful increase in the insulin sensitivity index compared to the beginning of the study. 27 Findings from similar animal studies also confirm these results. 28, 29 The effect of ginger on insulin sensitivity is probably due to the effect of its bioactive compounds on PPARγ or adiponectin upregulation. PPARα and PPARγ can affect the accumulation of liver triglycerides and thus pathogenesis of NAFLD. It has been reported that PPARγ can improve insulin sensitivity and decrease the flow of free fatty acids to the liver. 6-Shogaol has been reported in ginger as a significant agonist of PPARγ in adipose tissue. 30 Another mechanism of ginger effect is the inhibition of liver phosphorylase to prevent degradation of glycogen stored in liver cells. By inhibiting glucose 6-phosphatase activity, ginger also reduces the degradation of glucose 6-phosphate into glucose and, consequently, reducing blood glucose. Ginger seems to reduce the absorption of glucose in the body through inhibition of enzymes of glucose metabolism pathway, such as αglucosidase and amylase in the intestine. 31 There are many antioxidant compounds, including gingerols, shogaol, paradols and zingerone in ginger. These antioxidant compounds probably increase the expression of GLUT4 proteins, insulin receptors, and improve the function of βpancreatic cells, thereby improving glucose tolerance. 32 Another finding of our study was the antilipidemic effects of ginger. The results of the present study indicated that daily consumption of ginger compared to placebo significantly reduced LDL-C and total cholesterol levels.
But Serum levels of HDL-C and TG did not change meaningfully. The results of previous clinical trials investigating the effect of ginger on serum lipid levels are contradictory. In the study of Rahimlou et al, it was shown that an intervention with 2000 mg of ginger for 12 weeks reduced serum triglyceride, but HDL-C, LDL-C and total cholesterol levels between two groups did not have a significant difference. 26 Alizadeh et al reported that intervention with 3g/ginger for 45 days in hyperlipidemic patients significantly decreased serum triglyceride and serum cholesterol compared to the placebo. 33 Mozaffari et al observed that daily intake of three grams of ginger for eight weeks in diabetic patient leads to a reduction in serum LDL-C level, but does not affect the levels of total cholesterol, TG and HDL-C. 24 The finding of the present study on the effect of ginger on serum cholesterol concentration is consistent with the results of many animal studies. 28, 34 The reduction of cholesterol by ginger can be explained as follows: Ginger can induce cholesterol conversion to bile acids by increasing activity the cholesterol-7 -α-hydroxylase enzyme and ultimately lead to, decline serum cholesterol level. 33 Also, it has been reported that ginger compounds suppress the synthesis of cholesterol in the mice liver cells. 35 The findings of this study regarding the lack of effect of Ginger Supplement on serum HDL-C levels are consistent with the results of the studies conducted by Mozaffari, 27 Alizadeh, 33 and Bordia. 34 The reason for not changing HDL-C levels in this study and other studies are probably that HDL-C changes are less affected by dietary components.
The conversion of simple steatosis to more advanced forms of NAFLD is also affected by oxidative stress and inflammation. 12 A number of previous studies have shown that the serum levels of oxidative stress markers and inflammatory cytokines in NAFLD patients are significantly higher. 36, 37 Therefore, reducing inflammatory and oxidative stress factors in NAFLD patients may play an important role in slowing the rate of NAFLD progression and reducing the risk of cardiovascular disorders due to this disease.
The results of this study showed that supplementation with ginger (1500mg/day) for 12 weeks decreased the serum levels of hs-CRP and fetuin-A significantly, but TNF-α, TAC and adiponectin levels were not meaningfully changed. The hs-CRP is mostly produced in the liver and its serum level is linked to the rate of liver inflammation. In a study by Arablou et al daily consumption of 1600 mg of ginger over 12 weeks significantly decreased serum level hs-CRP in diabetic patients. 38 Furthermore, in the study conducted by Atashak et al supplementation with ginger powder (1g/day) for 10 weeks reduced the mean hs-CRP concentration in obese men, which is similar to our study results. 39 It looks like that the effect of ginger on reducing inflammation is due to the effect of some active ingredients (gingerol and zerombon) in the inhibition of NFκB and TNF-α. Ginger decreases the activity of NFκB by inhibition of TNFα gene and thus production of acute phase positive protein such as CRP is inhibited. 40 Fetuin-A is a protein abundant in the serum, mainly produced in the liver. Recently, studies have reported that fetuin-A may influence the development of metabolic syndrome through two mechanisms. It has been shown that fetuin-A inhibits the autophosphorylation of insulin receptors. Improving insulin sensitivity in mice with low serum levels of fetuin-A suggests that fetuin-A may play a role in increasing insulin resistance. 41 Fetuin-A inhibits the expression of adiponectin and increases the expression of inflammatory cytokines, as well as a strong association was demonstrated in liver biopsies between fetuin-A gene expression and major enzymes involved in glucose and lipid metabolism. 42 In the study of Reinehr and Roth was observed that serum levels of fetuin-A were significantly increased in obese children with non-alcoholic fatty liver disease. 43 A study by Yilmaz et al showed that the serum level of the fetuin-A enhanced in adult patients with NAFLD diagnosed with liver biopsy. 44 This study examined the effect of ginger on the serum level of fetuin-A in patients with NAFLD for the first time.
Finally, the findings of our study showed that the intake of ginger compared with placebo resulted in a significant reduction in serum concentration of ALT, although there was no significant change in AST and steatosis level in any of the groups. Both groups showed significant improvement in serum ALT and GGT levels due to receiving nutritional recommendations and increasing physical activity, but only ALT changes in the intervention group were meaningfully more than the placebo group. These findings were consistent with previous research findings. Rahimlou et al reported supplementation with 2000 mg of ginger for 12 weeks significantly decreased serum levels of ALT and GGT compared to the placebo. 25 In a study conducted by Motawi et al at the National Research Center in Cairo in 2011, the ginger effect on liver fibrosis was surveyed in Wistar rats. The results of this study showed that treatment with ginger extract with a significant decrease in aspartate aminotransferase and alanine aminotransferase has a protective effect against hepatic fibrosis. 45 The Fatty Liver (FLI) index helps to diagnose fatty liver based on BMI, triglyceride, GGT, and waist circumference for referral for ultrasonography. In the research, FLI is used to identify people at high risk of liver damage to participate in the interventional and observational studies. The FLI ranges from 1 to 100. FIL <30 means that the presence of fatty liver is unlikely, FLI≥60 means that there is a fatty liver, and FLI <60 <30 means that a conclusion is impossible. 2 In our study, FLI was significantly reduced in both ginger and placebo groups, but the changes between the two groups were not significant.
In this study, ultrasonography method was used to detect the degree of steatosis. This method cannot determine changes as precisely as exact techniques such as fibroscan. Also, the small sample size is another weakness of the present study.
Conclusions
In total, the results of the present study showed that daily receiving 1500 mg of ginger for 12 weeks could increase the efficacy of lifestyle modification (increased physical activity and Nutritional recommendations) in improving patients with NAFLD. As regards that receiving ginger supplement in this study did not have any side effects, it can be understood that supplementation with ginger in NAFLD patients can increase the success rate of treatment.
However, due to a few clinical trials in this field, more human research with different amount of ginger supplement and longer duration of the intervention is recommended. It is also suggested that since, according to the view of traditional medicine, ginger is hot and dry, it is recommended that studies be conducted to evaluate the effect of ginger in patients with NAFLD, taking into account their temperament.
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